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httpcense.Abstract Aim: The aim of this study was to assess the rule of the MDCT in the diagnosis of cen-
tral skull base osteomyelitis complicating otogenic and odontogenic sources as well as assessment of
the extensions.
Material and methods: This study was conducted on 8 patients. Two patients had skull base oste-
omyelitis (SBO) complicating malignant otitis externa. Three cases of associated masticator space
infection were seen. Two cases with history of oto-mastoiditis and one case of combined oto-
mastoiditis and otitis externa were seen. Multi-slice CT machine was used for the assessment of
all patients.
Results: The involved bony structures showed medullary expansion and sclerosis with cortical dis-
continuity. Involvement of the foramen ovale, foramen spinosum and pterygo-palatine fossa was
noted in 62.5% of cases.
Conclusion: The MDCT can precisely detect the source and degree of extension of the fulminate
infective process reaching the central skull base. The radiological evaluation of the skull base foram-
ina and pterygo-palatine fossa is critical for the radiologist, which will be the link between different
specialties that will deal with such spreading conditions including the oto-rhino-laryngologist, oph-
thalmogist, dentist, maxillo-facial, head and neck surgeons.
 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Osteomyelitis of the central skull base is an uncommon condi-
tion that is potentially life threatening if not recognized and
properly treated. Patients initially may have headache as the
only symptom, with cranial neuropathies occurring later. They
seem to have a predisposition to infection because of an under-
lying condition such as diabetes mellitus, corticosteroid use,
HIV infection, or chronic inﬂammatory sphenoid sinusProduction and hosting by Elsevier B.V.
.07.003
Fig. 1 showed the possible source of osteomyelitis of the central
skull base.
520 S.A. Shamadisease. The diagnosis is difﬁcult to make clinically and there-
fore is often delayed (1,2).
The sphenoid bone is a main sharer in the central skull
base. It includes medial portion, harboring an air sinus, sitting
on the top of the clivus and lateral potion represented by two
pairs of sphenoid wings and two pairs of pterygoid plates.
The sources of infection of the central skull base include
hematogenous spread, however most cases occur from con-
tiguous spread from nearby infective process. On anatomical
basis, the medial portion of the central skull base, including
the clivus, will suffer from spreading sino-nasal infection that
is mostly due to invasive fungal infection caused by invasive
aspergillus and mucormycosis species (3,4). On the other side
the lateral aspect of the central skull base presented with the
wings of sphenoid bone and the pterygoid plates will be
the ﬁrst bony structures of the skull base that will face the
spreading infection originating from otogenic sources (otitis
externa and oto-mastoiditis) as well as from deep facial
spaces infection that is commonly caused by odontogenic
source.
Skull base osteomyelitis typically arises as a complication of
ear infection in older diabetic patients and has pseudomonas
aeruginosa as the usual pathogen (5). Necrotizing (malignant)
external otitis often begins at the osseous-cartilaginous junc-
tion of the external auditory canal. But the disease may extend
into the infra-temporal fossa, parotid gland, Temporo-
mandibular joint (TMJ), soft tissues of the neck, and skull
base. Involvement of the mastoid, middle ear, and petrous
apex may also occur (6,7).
Bony involvement and erosive changes could complicate
chronic otitis media and middle ear cholesteatoma. Especially
ominous is the involvement of the tegmen tympani and sig-
moid sinus plate. When defects occur at these sites, there could
be associated epidural invasion, increasing the potential for the
development of meningitis, cerebritis, or abscess. Associated
encephalocele extending through the eroded tegmen also may
occur (8,9).
Deep facial spaces infections are mostly due to dental infec-
tion (molar) or dental manipulation results in osteomyelitis of
the posterior body of mandible with cortical dehiscence rup-
turing pus into masticator space. Molar tooth infection will
be seen as an empty socket or lucency around molar tooth (10).
MDCT ﬁndings showsigns of osteomyelitis such as medul-
lary expansion, sclerosis, cortical destruction and periosteal
reaction. The signs of the source of infection will be seen
including sino-nasal infective disease, oto-mastoiditis and
mandibular osteomyelitis.
Other radiological signs will be masticator space mass-like
lesion and/or ﬂuid density indenting the para-pharyngeal space
(fat) and lateral wall of the pharynx, swollen and enhancing
muscles of mastication, adjacent cellulitis of the fatty planes,
linear markings in subcutaneous fat & thickening of skin and
even spasms of the internal carotid artery (11).
Differential diagnosis includes neoplastic processes as squa-
mous cell carcinoma of the head and neck, lymphoma and leu-
kemia, hematogenous metastasis and nasopharyngeal
carcinoma. Elevation of the ESR would not be expected in
the setting of skull base neoplasm. Other differentials are
Wegener granulomatosis, and other granulomatous diseases
such as tuberculosis and sarcoid. Fibrous dysplasia and Paget
disease should be considered within the differential diagnosis
of all intrinsic lesions of the skull (12).A tissue sampling procedure is often required for deﬁnite
diagnosis of this condition. Low burden of infectious organ-
isms within the clival bone or pre-clival soft tissues can lead
to a false-negative biopsy (13).
Complications of SBO include cranial neuropathy, cavern-
ous sinus thrombosis. septic cavernous sinus thrombosis, men-
ingeal and brain parenchymal extension, epidural and
petroclival abscess (12).
The aim of this study was to assess the role of the MDCT in
the diagnosis of central skull base osteomyelitis complicating
otogenic and odontogenic sources as well as assessment of
the extensions.
2. Material and methods
This study was prospective study and was designed for cases of
otogenic and odontogenic sources of central skull base osteo-
myelitis. The osteomyelitis of the medial portion of the central
skull base that mostly complicates invasive fungal sinusitis was
excluded from this study. Only cases of skull base osteomyelitis
involving the lateral portion of the central skull base were in-
cluded. (Fig. 1).
All patients had history and clinical evidences of either ful-
minant infective process involving the external or middle ear
(otogenic source) or history of recent dental manipulation
and post manipulation fulminant infective process (odonto-
genic source). They were referred for radiological assessment
of the extensions as physicians from other specialties were in-
vited to be involved in the management, including the oto-
rhino-laryngologist, ophthalmologist, dentist, maxillo-facial,
head and neck surgeons.
The ﬁnal diagnosis of involvement of the central skull base
in the extending infective process was made by consensus of
imaging ﬁndings and clinical data.
This study was conducted on 8 patients with osteomyelitis
of the central skull base originating from otogenic and odon-
togenic sources using MDCT in detection of the lesion, and
assessment of the extensions. Five were females and 3 males
were encountered. The ages ranged from 12 to 64 years.
Eight slices multi-detector CT machine (Bright speed S,
GE, USA) was used in assessment of all patients. Before
Table 1 shows the involvement of different anatomical structures with the spreading infective process.
No Sex Age Source of infection Involved Structures
1 F 43Y Malignant otitis externa External auditory canal
Floor of the middle cranial fossa
Soft tissue of the neck and masticator space
No intracranial extension
Foramen ovale and foramen spinosum
Pterygo-palatine fossa
2 F 64Y Malignant otitis externa External auditory canal
Floor of the middle cranial fossa
Soft tissue of the neck and masticator space
No intracranial extension
Foramen ovale and foramen spinosum
Foramen lacerum
3 M 12Y Oto-mastoiditis Tympanic cavity
Mastoid air cells
Ossicular erosive changes
Tegmen tympani and ﬂoor of the middle cranial fossa
4 F 14Y Oto-mastoiditis Tympanic cavity
Mastoid air cells
Ossicular erosive changes
Tegmen tympani and ﬂoor of the middle cranial fossa
Foramen ovale and foramen spinosum
Foramen rotundum and vidian canal
Pterygo-palatine fossa
5 M 34Y Oto-mastoiditis and
otitis externa
Tympanic cavity
Mastoid air cells
Ossicular erosive changes
Tegmen tympani and ﬂoor of the middle cranial fossa
Infra-zygomatic masticator space
External auditory canal, TMJ, head and neck of mandible
Tympanic portion of the temporal bone
Foramen ovale and foramen spinosum (Fig. 2)
6 F 27Y Odontogenic source Mandibular osteomyelitis
Infra zygomatic masticator space
Bony skull base represented with pterygoid plates and greater
wings of sphenoid bone
Pterygo-palatine fossa
7 M 38Y Odontogenic source Mandibular osteomyelitis
Infra zygomatic masticator space
Bony skull base represented with pterygoid plates and greater
wings of sphenoid bone
Foramen lacerum
Pterygo-palatine fossa
8 M 41Y Odontogenic source Mandibular osteomyelitis
Supra and infra zygomatic masticator space
Bony skull base represented with pterygoid plates and greater
wings of sphenoid bone
Foramen ovale and foramen spinosum
Foramen lacerum
Foramen rotundum and vidian canal
Pterygo-palatine fossa (Fig. 3)
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instructed not to move during scanning. The patients were in
supine position. The head was strapped to the head rest and
positioned as symmetrically as possible. A lateral scout view
was taken and used for planning the axial images. Axial images
were taken without any angulations (Tilt 0). The protocol was
120 mA, 120 kV, 1.2 mm slice thickness, large ﬁeld of view
(FOV) and 1.35 pitch.
All images were prospectively reconstructed at 0.625 mm;
using soft tissue and high-resolution bone ﬁlter (70s sharp).
The reconstructed axial images were transferred to Advantage4.4 GE, USA workstation for manipulation of data. Then mul-
ti-planar reformation (MPR), maximum intensity projection
(MIP) and volume rendering images (VR) were generated in
different planes.
3. Results
This study was conducted on 8 patients. Two patients had
skull base osteomyelitis (SBO) complicating malignant otitis
externa. There were three cases of associated masticator space
infection and odontogenic source of infection. Two cases with
Fig. 2 A case of combined left sided otitis externa and otitis media as a source of osteomyelitis of the lateral portion of the central skull
base. (A) Coronal MDCT scan in bone window showed total opaciﬁcation of both the middle and external ear. (B) Coronal MDCT scan
in bone window showed the bony erosive changes involving the bony portion of the external auditory canal (white arrow) and the tegmen
tympani (black arrow). (C&D) Axial MDCT scan in soft tissue window showed extension of the infective process within the left
masticator space. Effacement of the left para-pharyngeal far and indention upon the left medial wall of the naso-pharynx are shown with
the back arrow in (D). (E) Axial MDCT scan in bone window showing medullary expansion and sclerosis of the bony ﬂoor of the left
middle cranial fossa presented with greater wing of sphenoid bone. (F) Axial MDCT scan in bone window showing opaciﬁcation of the
left tympanic cavity and mastoid air cells with erosive ossicular changes (white arrow heads). The black arrow showed erosive bony
changes involving the glenoid fossa of the left TMJ. (G) Coronal MDCT scan in bone window showing expansion and sclerosis of the
greater wing of sphenoid bone (black arrow). Extension to the left oval window is shown (the arrow head). Erosive changes within the
tympanic portion of the left temporal bone also seen (white arrow). (H) Coronal MDCT scan in bone window showing extensive erosive
bony changes within the left TMJ and left side of the mandible. (I) Axial MDCT scan in soft tissue window showing preserved normal fat
density of the left pterygo-palatine fossa, PPF (black arrow). PPF was intact. Thickening and stranding of the subcutaneous tissues seen
(white arrow).
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Fig. 2 (continued)
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media and otitis externa were seen (Table 1).
All cases of malignant otitis externa (2 cases) were diabet-
ics. Their ages ranged from 43 and 64 years. The infective pro-
cess extends from the external auditory canal to involve the
nearby ﬂoor of the middle cranial fossa represented with the
greater wing of sphenoid bone as well as squamous part of
the temporal bone. However no intracranial extension was de-
tected. Spread of the infective process to the soft tissue of the
neck and masticator space was detected in those patients with
encroachment upon the para-pharyngeal fat and indentation
of the lateral wall of the upper aero-digestive air ways notably
the naso-pharynx (Fig. 2).
Patients with oto-mastoiditis (3 cases) were relatively youn-
ger in age; their ages ranged from 12 to 34 years. This group of
patients had history of old standing infective processes of the
ear with chronic ear discharge. They had near total opaciﬁca-
tion of the tympanic cavity, sclerosis and opaciﬁcation of the
mastoid air cells. Associated ossicular and bony erosive
changes are also seen showing extension of the infective pro-
cess to the tegmen tympani and ﬂoor of the middle cranial fos-
sa. In one patient the infective process noted extended to the
external auditory canal and tympanic portion of the temporal
bone (Fig. 2).
The odontogenic source of infection was encountered in
three patients. All of them had history of previous molar toothextraction. Their ages ranged from 27 to 41 years. The infec-
tive process was noted spreading to the mandible causing man-
dibular osteomyelitis then extending upward through the
masticator space to involve the bony skull base represented
with pterygoid plates and greater wings of sphenoid bone.
They had extensive swelling of the masticator muscles and
obliteration of the related facial planes (Fig. 3).
In all cases of this study, the involved bony structures
showed medullary expansion and sclerosis with cortical dis-
continuity. The bony sequestrum was only seen in the mandi-
ble in two cases of mandibular osteomyelitis secondary to
odontogenic source of infection.
The infective process was seen involving the foramina of the
skull base as extension of bony expansion and sclerosis to the
foramen and lost of its normal clear density content. Involve-
ment of the foramen ovale and foramen spinosum was noted in
5 out of total 8 cases (62.5%). Involvement of the foramen
lacerum was only seen in 3 cases (37.5%). Implication of both
foramen rotundum and vidian canal was only seen in two pa-
tients 25% (Figs. 2 and 3).
Extension to the pterygo-palatine fossa (PPF) was seen as
lost normal fat density and obliteration of the facial planes
around. PPF was involved in 5 cases (62.5%) either through
direct extension from the masticator space, via pterygo-maxillary
ﬁssure PMF (3 cases) or through both PMF and foramen
rotundum (2 cases).
Fig. 3 A case of osteomyelitis of the central skull base secondary to odontogenic source. (A&B) Axial MDCT scans in soft tissue window
showed an inﬂammatory process involving the left masticator space with swelling of the masticator muscles and obliteration of the
intervening facial planes. White arrow in (B) showed extension of the inﬂammatory process toward the origin of the left pterygoid muscles
encircling the lateral pterygoid plate (a portion of the sphenoid bony and central skull base). (C&D) Axial MDCT scan in bone windows
showed the reactive bony changes to the inﬂammatory process with expansion and sclerosis of the left lateral pterygoid plate (arrow in C) as
well as the periosteal reaction involving the left mandibular ramus (arrow in C and D) representing mandibular osteomyelitis. (E) Coronal
MDCT scan in the bone window showing the bony expansion and sclerosis involving the left side of the central skull base (black stars)
involving the left sphenoid bone. Extension toward the left round window (black arrow) and vidian canal (black arrow) are shown. (F)
Coronal MDCT in the soft tissue window showing the extension of the inﬂammatory process along both supra and infra zygomatic
components of the left masticator space. (G) Axial MDCT scan in soft tissue window, the arrow showed the extension of the inﬂammatory
process to the PPF that showed lost normal fat density. The white arrow showed an extension of the inﬂammatory process through the
pterygo-maxillary ﬁssure (PMF). (H) VR 3DMDCT reconstruction showed the osteomyelitis extending deep toward the central skull base.
524 S.A. Shama
Osteomyelitis of the central skull base: Otogenic and odontogenic sources. Multidetector CT study 5254. Discussion
Central skull base osteomyelitis centered on the clivus mostly
arises from para-nasal sinus inﬂammatory disease. Osteomyeli-
tis centered on lateral portions of the central skull base impli-
cating mainly the sphenoid wings and the pterygoid plates
mostly arose from otogenic or odontogenic sources.
Chang RC and his colleagues (12) stated that the relatively
young age of most patients, the lack of any history of neopla-
sia, the presence of factors that predispose to infection and
signs of infection such as elevated ESR are very helpful in rais-
ing the concern for skull base osteomyelitis. None of the pa-
tients in this study had history of neoplasia. All of them had
predisposition to infective processes either diabetics or predis-
posing infective conditions as otitis, mastoiditis or tooth
infection.
The foramina of the skull base namely the foramen ovale,
foramen spinosum and foreman rotundum as well as the fora-
men lacerum are actually openings within the sphenoid bone
and anatomically located nearby. They act as conduit of infec-
tion spreading between different anatomical regions of the
head and neck. The involvement of these foramina is the indi-
cator of onset of cranial neuropathy.
The most likely involved skull base foramen in this study
was the foramen ovale (62.5%) and the foramen spinosum
with the same percent. This could be explained by their relative
near anatomical location along the course of the spreading
infection as well as the intimate relation of the foramen ovale
to the masticator space.
The foramen rotundum and the nearby vidian canal are
anatomical the most far along the way of the spreading infec-
tion. This may explain their relative low possibility of involve-
ment (25%). Their involvement could occur as direct extension
of the bony process, as spread of infection from the pterygo-
palatine fossa (PPF) or both.
The pterygo-palatine fossa represents the cross road of the
head and neck. The extension to PPF occurs directly from the
laterally located masticator space through the pterygo-maxillary
ﬁssure (PMF). From the PPF, the infective process could be
extended to involve many anatomical regions of the head
and neck including the orbit and the cranial cavity (via the
foramen rotundum).
Although there is no speciﬁc MDCT signs of central skull
base osteomyelitis that can differentiate this process from
malignancy. The presence of history of long standing fulminant
ear infection and/or recent dental manipulation notably of the
molar teeth can direct attention to this process. The presence
of the involved bony structures of the central skull base along
the vectors of the spreading infection, associated swollen mus-
cles (as muscles of mastication), obliteration of facial planes
and stranding of fat planes will be of help. Associated osteo-
myelitis of the mandible with possible sequestrum as well as
abscess formation will be informative.
CT ﬁndings may remain abnormal for as long as 2 years
after treatment (5). Skull base infection should not be excluded
in a patient with no fever and normal WBC count (12).
MR ﬁnding are T1 clival hypo-intensity relative to normal
fatty marrow, pe- and para-clival soft tissue inﬁltration with
obliteration of normal fat planes, abnormal soft tissue in the
cavernous sinus, internal carotid artery narrowing or occlu-
sion, abnormal meningeal enhancement and local cerebritisor venous ischemia, abnormal marrow signal intensity around
the skull foramina and abnormal soft tissue inﬁltrating adja-
cent fat planes (12).
The skull base is a known site for systemic blood borne
metastatic disease. Diffusion weighted MRI imaging (DWI)
may play a rule in exclusion of metastatic disease. Combining
anatomic imaging (T1 and T2 weighted images) with DWI,
early changes within primary and metastatic sites could be
diagnosed or excluded (14). Abscess will showed restricted
diffusion.
Other imaging techniques that can help support the diagno-
sis of skull base osteomyelitis are the technetium scans that
may be helpful for initial diagnosis, although they may remain
‘‘hot’’ for months following resolution of infection (15). Gal-
lium scan abnormalities have been shown to be useful to mon-
itor response to treatment and evaluate recurrence (2).
5. Conclusion
The MDCT with its outstanding ability to assess bony struc-
tures can precisely detect the degree of extension of the
fulminate infective process reaching the central skull base.
Therefore, it can direct management and guide treating physi-
cian(s). The radiological evaluation of the foramina of the skull
base and PPF is critical for the radiologist, which will be the link
between different specialties that will deal with such spreading
conditions including the oto-rhino-laryngologist, ophthalmo-
gist, dentist, maxillo-facial, head and neck surgeons.
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